RH ethylamide) and weights (2.1 -+ .1 g) of the anterior pituitaries did not differ among groups (P>.05). Number of receptors for GnRH averaged 37 + 7, 39 + 9, 25 + 5 and 23 -+ 5 x 10 -14 M/mg protein at d 5, 10, 20 and 30, respectively. Anterior pituitaries from luteal phase cows contained 22 -+ 2 • 10 -14 M/mg protein of receptors for GnRH. Anterior pituitary cells prepared from d 5, 10, 20 and 30 cows did not differ (P> .05) in total quantity of LH, amount of LH released into media in the absence of GnRH, or the amount of LH released in response to GnRH. In contrast, anterior pituitary cells prepared from luteal phase cows contained more LH and released more LH (P<.05) in response to GnRH than d 5 cows, but did not differ from d 10, 20 or 30 cows (P>.05). Content of GnRH in hypothalarnus proper, preoptic area and pituitary stalk-median eminence did not differ between groups and averaged 4.8 + .3, 3.4 +-.2 and 89 +-5 ng, respectively. These data indicate that anterior pituitary concentrations of FSH, hypothalamic concentration of GnRH and numbers of anterior pituitary receptors for GnRH likely are not deficiencies at 5 d after calving. In addition, the ability of pituitary cells to synthesize and release LH was similar to luteal phase cows after 10 d postpartum. The replenishment of
Introduction
The postpartum interval is of significant importance to the cow-calf enterprise. A prolonged period of postpartum anestrus is a frequent cause of late calving and poor conception rates, especially during a limited breeding 285 JOURNAL OF ANIMAL SCIENCE, Vol. 60, No. 1, 1985 season. Duration of postpartum anestrus is affected by many factors including age of the dam (Wiltbank, 1970; Bellows and Short, 1978) , dystocia (Laster et al., 1973) , suckling frequency (Randel and Welker, 1977) , milk production (Lemenager and Martin, 19.82) and nutritional status of the dam (Dunn and Kaltenbach, 1980) . Mechanisms through which reproductive competence is reinitiated after calving in beef cows are not clear. However, considerable information exists concerning postpartum endocrine changes. Plasma concentrations of progesterone decline precipitously at or shortly before parturition (Gomes and Erb, 1965; Stabenfeldt, 1969) . As indicated by Lamming (1979) , plasma concentrations of luteinizing hormone (LH) and progesterone during the early postpartum period are low and without detectable episodes of release. The subsequent development of sporadic releases of LH, which increase over time in frequency and amplitude, appears to be related to the initiation of cyclic ovarian activity (Lamming et al., 1981) .
Pituitary responsiveness to gonadotropinreleasing hormone (GnRH) in vivo is depressed during pregnancy in ewes and this low responsiveness is paralleled by a decrease in pituitary content of LH (Jenkin et al., 1977) . Furthermore, Lamming et al. (1981) and Walters et al. (1982) suggested that a deficient release of GnRH is probably one major factor responsible for the lack of cyclic ovarian activity in cows after calving.
The objective of this experiment was to evaluate changes in hypothalamic GnRH and pituitary characteristics that could contribute to prolonged periods of anestrus after calving in suckled beef cows.
Materials and Methods
Animals. Mature beef cows that calved without periparturient complications and nursed single calves were randomly slaughtered at 5 (n = 6), I0 (n = 6), 20 (n = 6) or 30 (n= 5) d postpartum. An additional six cows (luteal phase cows) were slaughtered 12 to 14 d after their first postpartum estrus. Estrous behavior was monitored twice daily using a vasecSWorthington Biochemical Corp., Freehold, NJ. 6 Sigma Chemical Corp., St. Louis, MO. 7 Grand Island Biological Co., Grand Island, NY. tomized bull with a deviated penis. In addition, blood concentrations of progesterone were determined in samples collected three times weekly to indicate ovulations that may occur without behavioral signs of estrus.
Immediately before slaughter, the cows were weighed and body condition was assessed on a scale of 1 to 5 (1 = very thin, 3 = average and 5 = excessively fat). Ovarian structures present at slaughter were recorded and follicular fluid was pooled within animals according to follicular size (small = < 100/~1, medium = 100 to 400/~i, large = >400 pl; Ireland et al., 1979) .
Tissue Collection and Sample Treatment.
Serum was collected from blood samples that had been stored at 4 C for 24 h before centrifugation at 3,000 x g for 30 rain. Serum was stored at -20 C until hormone analyses. At slaughter, an additional blood sample and tissue samples were collected for subsequent analysis. All tissues were collected within 30 min after slaughter and,. except where indicated, were immediately weighed, wrapped in foil and immersed in liquid nitrogen. Tissue samples were then stored at -70 C until analysis.
Each hypothalamus was divided into the hypothalamus proper (HYP), preoptic-suprachiasmatic area (POA) and pituitary stalkmedian eminence (SME) as described previously for sheep (Moss et al., 1980) . The SME was bisected sagittally and the HYP, POA and one-half SME were homogenized in acidifiedmethanol (1:1, absolute methanol: .1 N HC1) and stored at --20 C.
Dissociation of Anterior Pituitary Glands.
Anterior pituitary glands were trimmed of connective tissue and divided sagittally into equal halves. Half was weighed and frozen until analyzed for gonadotropin content and numbers of receptors for GnRH. Pituitary cells were prepared from the remaining half in a manner similar to that described for ovine pituitary cells (Adams et al., 1979) . Collagenase s (Type I), hyaluronidase 6 (Type V) and trypsin 7 (1:300) were used at 15 IU/mg tissue, 22 IU/mg tissue and 8 gg/mg tissue, respectively. Calf serum was substituted for lamb serum in the culture media and 11 doses of GnRH (0 to 500 nM) were used as the secretagogue during the 2-h treatment period.
The ability of the enzymatically dispersed pituitary cells to release LH into the media in response to GnRH was restored by culturing the cells for 18 h after enzyme treatment. Similar results regarding the responsiveness of the pituitary cells subsequent to enzyme treatment were obtained by Adams et al. (1979) . Subsequent treatment with the secretagogue elicited a maximum response after 2 h at 37 C (data not shown). The effects of various doses of GnRH on the release of LH are illustrated in figure 1.
GnRH-Receptor Analysis. Receptors for
GnRH were quantified in half of each pituitary using procedures similar to those described by Wagner et al. (1979) and Nett et al. (1981) for ovine tissue. Briefly, pituitary halves were thawed in ice-cold Tris-sucrose (.01 M Tris, .1% BSA, .25 M sucrose), diced and homogenized at a concentration of 200 mg fresh tissue equivalents (FTE)/ml using 10 strokes of the loose pestle of a Dounce homogenizer followed by 10 strokes with a ground glass homogenizer. The homogenate was centrifuged at 600 • g for 10 min, the resulting supernatant was removed and the pellet was resuspended in Tris-sucrose and recentrifuged. The combined supernatants (final concentration 100 mg FTE/ml) were centrifuged at 30,000 • g for 30 min. After centrifugation, the supernatants were removed s BioRad Laboratories, Richmond~ CA. 9Abbot Labs., Chicago, IL. 10 Sigma Chemical Corp., St. Louis, MO. n Accurate Chemical and Scientific Corp., Westbury, NY. and frozen in solid CO2-methanol and stored at -20 C until analysis of tissue concentrations of LH and follicle-stimulating hormone (FSH). The pellet was resuspended in Tris-buffer (.01 M Tris, 1 mM CaC12, .1% BSA) to 50 mg FTE/ml and recentrifuged at 30,000 • g for 30 rain. The final pellet was resuspended to 200 mg FTE/ml Tris-buffer and an aliquot was removed for protein determination using the Biorad kit s . To determine numbers of receptors for GnRH, 50 #1 of membranes (10 mg FTE), 50 #I 12SI-DAla6 (monoiodo-des-Gly 1~ [DAla 6]-LH-RH ethylamide) in increasing concentrations ranging from .015 to 1.5 nM, and 50 #1 buffer or excess noniodinated DAIa 6 in buffer were incubated at 4 C for 6 h in 12 x 75 polypropylene culture tubes. At the end of the incubation, the membranes were diluted with 3 ml ice-cold Tris-buffer and centrifuged for 10 min at 30,000 • g. The supernatants were decanted and radioactivity remaining in the pellet was quantified. Numbers of receptors present in each pituitary were determined by Scatchard analysis (Scatchard, 1949) .
Initial studies using anterior pituitaries obtained from steers demonstrated that numbers of receptors for GnRH in intact or diced (approximately 2 mm 3) tissue were not altered by freezing in liquid nitrogen (table 1) . In contrast, numbers of receptors were reduced approximately 50% in pituitary tissue homogenized before freezing in a solid CO2 -methanol bath. In addition, comparable numbers of receptors/mg protein were obtained with both amounts of tissue assayed.
Specificity of this receptor assay was assessed by determining that increasing increments of DAla 6, GnRH and an inhibitory analog of GnRH (acetyl-DAla l, DpC1-Phe 2, DTrp 3, DTrp6-LHRH) inhibited the binding of t2s I-DALA 6 to the pituitary membranes. Excess quantities (approximately 1,500-fold) of TRH (thyrotropin releasing hormone) 9, Somatostatin 1~ and (MET)-enkephalin n did not reduce the binding of 12SI-DAla 6. In addition, the criteria that binding of the agonist be saturable and have a high affinity were met (Cuatrecasas and Hollenberg, 1976) .
The addition of excess GnRH to the pituitaries during the initial homogenization did not influence the numbers of receptors determined. Therefore, this receptor assay probably measures total number of receptors present rather than number of unoccupied receptors. Radioimmunoassays. Concentrations of LH (Niswender et al., 1969) and FSH (Bolt and Rollins, 1983) were determined using NIAMMDbLH-4 and NIH-FSH-B1 is standards. Except for the ratio of acidified methanol, hypothalamic extracts for GnRH determination were prepared as previously described (Moss et al., 1980) and assayed as described by Nett and Adams (1977) . Recovery of 12SI-GnRH in acidified methanol homogenates was greater than 90%. Serum concentrations of progesterone were determined as described by Niswender (1973) except that 3 H-progesterone was used as the radioactive ligand. Serum concentrations of estradiol-17~ were determined as described by Erb et al. (1976) .
Statistical Analysis. Analysis of variance for samples of unequal sizes (Snedecor and Cochran, 1967 ) was used to determine whether variables differed among animals slaughtered at 5, 10, 20 or 30 d postpartum. Data were analyzed both with and without the luteal phase cows as a fifth group. In cases where analysis of variance indicated significant treatment effects, differences between means were determined by the Least Significant Difference Procedure using an error mean square adjusted for unequal sample size (Snedecor and Cochran, 1967) .
Results
Numbers of small, medium and large follicles present on the ovaries at slaughter are listed in table 2. An increase (P<.05) in the number of large follicles occurred by 30 d after calving.
Serum concentrations of estradiol-17//(pg/ ml) were 12.8 -+ 1. were low (<.4 ng/ml) at all times except in the luteal phase cows. Luteal structures presumably from pregnancy, were present in most cows through d 30 postpartum and weighed 1.4 + .1 (n = 6), 1.0 +.1 (n = 5), .5 + .1 (n = 3) and .5 + .0 g (n = 4) at d 5, 10, 20 and 30, respectively. In contrast, luteal tissue from cows that were slaughtered 12 to 14 d after their first postpartum estrus weighed 5.9 + .4 g (r/= 5). Serum concentrations of progesterone in this group of cows averaged 5.9 +-.4 ng/ml at slaughter.
Body condition scores at slaughter did not differ among treatment groups and were considered near average (2.8 + . Anterior pituitary concentrations of FSH (figure 2) were 12.4 + 1.1 mg/g at d 5 and remained high through 30 d (7.4 -+ 3.3 rag/g). However, there was a tendency (P<.10) for concentrations of FSH to differ between groups when values for the luteal phase cows (6.7 + .3 mg/g) were included in the analysis.
Total pituitary cell LH (sum of LH released into the media and LH contained in the ceils), basal release of LH (LH released into the media in the absence of GnRH treatment) and GnRH- GnRH than did the luteal phase cows, with other variables being similar to luteal phase cows. Although considerable variation in the release of LH in response to GnRH existed among cows, neither the dose of GnRH required to elicit a half-maximal release of LH or maximal release of LH differed among groups. Maximal dose of GnRH was defined as the dose giving the greatest magnitude of release of LH above basal. Half-maximal dose was defined as the dose of GnRH most closely associated with the release of LH halfway between basal and maximal GnRH-induced release of LH. The affinity of 12SI-DALA6 for anterior pituitary receptors for GnRH did not differ among groups and averaged 1.6 + .1 x 109 M -1 . In addition, number of receptors for GnRH were high at 5 and 10 d postpartum (figure 3). Receptor numbers appear to decline between 5 and 30 d but did not differ among days postpartum (P>.05). However, numbers of receptors for GnRH were higher (P<.05) when d 5 plus 10 were combined.and compared with d 20 plus 30. Luteal phase cows averaged 22 -+ 2 • 10 -14 M of receptor/rag protein, which was similar to cows slaughtered at 20 and 30 d postpartum.
Total tissue content of GnRH (ng) in the pituitary SME (89 + 5), HYP (4.8 + .3) and POA (3.4 + .2) did not differ among treatment groups.
Discussion
The first estrus after calving did not occur until 81 + 10 d in the luteal phase cows. However, postmortem examination of the ovaries and the presence of luteal concentrations of progesterone in the serum (> 1 ng/ml) indicated that three of the six luteal phase cows ovulated once before the first estrus after parturition.
It is well established that the nutritional status of the dam can affect the duration of postpartum anestrus (Dunn and Kaltenbach, 1980) . However, the differences observed between times after calving probably did not result from variations in nutrition because visual body condition scores were similar among groups. The increase in follicular development observed by 30 d indicated that some of the events associated with the resumption of cyclic ovarian activity following parturition had occurred. Furthermore, removal of the nusing stimuli by early weaning of calves between 28 and 38 d postpartum can lead to estrus within 1 to 4 d in beef cows (Ramirez-Godinez et al., 1982) .
Low pituitary concentrations of LH have been observed soon after parturition in both sheep and cattle (Moss et al., 1980; Cermak et al., 1983) and probably result from the high concentrations of steroids produced during gestation in sheep (Crowder et al., 1982) . The ability of the pituitary cells in vitro to release quantities of LH in response to GnRH comparable with luteal cows by d 10 is similar to the observation that in vivo responsiveness to GnRH is elevated by d 10 in dairy cows (Fernandes et al., 1978) . Furthermore, a constant percentage of total cellular LH was released in vitro by a maximal dose of GnRH (Moss et al., 1980) in ewes regardless of time postpartum. These results suggest that an increase in pituitary concentrations of LH, rather than alterations in the sensitivity of the pituitary to GnRH, is probably one of the initial limitations to the reestablishment of estrous cycles. Presumably, once this has occurred, pulses in the secretion of LH can increase in frequency and culminate in the first postpartum estrus (Humphrey et al., 1983) . The time course of these events, however, may be modified by factors such as nutrition and suckling.
In contrast to LH, pituitary concentrations of FSH did not differ among cows slaughtered at d 1, 15, 30 and 45 after parturition (Cermak et al., 1983) . Saiddudin et al. (1968) , using a bioassay to quantify FSH, also indicated that pituitary concentrations of FSH were not depressed soon after calving. Similar to our results, they found a tendency for pituitary FSH concentrations to decline with time after calving. Reasons for this decline, if real, are not readily apparent but deficiencies in quantities of pituitary FSH clearly do not contribute to postpartum anestrus. However, the possibility that the release of FSH is altered during this period cannot be excluded.
The ability of the pituitary to release LH in vivo in response to exogenous GnRH in ewes decreases during gestation (Jenkin et al., 1977) , with the nadir apparently reached soon after parturition (Chamley et al., 1974a,b) . Numbers of anterior pituitary receptors for GnRH did not parallel this decline, but were elevated soon after parturition in ewes (Crowder et al., 1982) and anestrous cows as compared with the animals slaughtered during the luteal phase of the estrous cycle. Furthermore, numbers of receptors for GnRH in the cows slaughtered 12 to 14 d after their first postpartum estrus appear to be greater than those observed in nonlactating beef cows slaughtered during the luteal phase of the estrous cycle (Marvin et al., 1983) . The chronic high concentrations of estradiol and progesterone during pregnancy could have evoked these changes in pituitary characteristics because exogenous estradiol and progesterone caused similar effects in ewes .
The quantity of GnRH in the hypothalamic areas presumably responsible for the synthesis (Brownstein et a1., 1976) and release of GnRH (Eskay et al., 1977; Neill et al., 1977; did not change with time after parturition. However, Allrich et al. (1983) demonstrated that the K+-induced release of GnRH in vitro from the superfused pituitary SME was greater at 5 d than at 20 d postpartum.
A steady decline in gonadotropic activity of pituitary glands occurred in cows during pregnancy (Nalbandov and Casida, 1940) when concentrations of steroids are elevated (Casida, 1968) . Similar changes in pituitary concentrations of LH occurred in ewes (Chamley et al., 1976) . We hypothesize that chronic high concentrations of estrogen and progesterone simultaneously suppress pituitary concentrations of LH and enhance the synthesis of pituitary receptors for GnRH in cows similar to the situation in sheep (Crowder et al., 1982) . Furthermore, the postpartum replenishment of these depressed stores of pituitary LH is probably a response to episodic discharges of GnRH.
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